In 14 mongrel dogs wash-in and wash-out curves for halothane were obtained from measurements of arterial blood, mixed venous blood and end-tidal gas. From a certain point in the wash-in period the halothane concentration of arterial blood can be calculated from the halothane concentration in end-tidal gas and the blood-gas partition coefficient for halothane. Analysis of the curves shows that they are composed of two exponential components suggesting the presence of two body compartments. The question of a twocompartment system versus a multi-compartment system is discussed.
Fourteen mongrel dogs (15-20 kg) were anaesthetized with thiopentone 15 mg/kg after a premedication with atropine 0.25 mg and dehydrobenzperidol 5 mg. The dogs were paralysed with suxamethonium administered i.v. and ventilated with 70% nitrous oxide in oxygen with a Harvard respiratory pump (30 ml/kg/min; frequency 14/min) after tracheal intubation.
Catheters were inserted into a small branch of the femoral artery and, under x-ray control, into the pulmonary artery. Heparin 3 mg/kg was given to prevent clotting in the catheters and blood samples. Another catheter was inserted into the tracheal tube to sample just above the carina. This sample tube was connected via a capillary tube with the sample loop of a gas chromatograph (Beneken Kolmer et al., 1975) . The temperature of the dog was kept at 37-38 °C with towels; rectal temperature was measured using a thermocouple. Dehydration of the dog was prevented by the infusion of isotonic salt solution. Just before starting the wash-in of halothane, samples were taken from the arterial lines and also from the endtidal air. The arterial lines were flushed with blood, the pulmonary artery catheter for a longer time than the femoral artery catheter because of its greater length and lesser pressure. Thus a phase difference between the arterial and mixed venous samples was avoided.
After having taken the baseline samples {t = 0) halothane was administered to the dog from a Fluotec (Cyprane Ltd, Keighley, Yorks) vaporizer. The concentration of halothane in the inspired gas was kept constant during an experiment but varied in separate experiments from 0.5 to 1.0 vol%. After commencing the administration of halothane, samples were taken at 2-min intervals from 1 to 15 min, then at intervals of 5 min for 70 min and finally at intervals of 10 min until the end of the experiment; the exact period over which samples were taken is given in table III.
The samples were examined as described in part I of this paper (Beneken Kolmer et al., 1975) . The procedure of making wash-out curves was different: after induction of anaesthesia with thiopentone, halothane was administered immediately in a constant concentration which varied in separate experiments from 0.5 to 1.0vol%. At the end of the wash-in period (t = 0) baseline samples were taken. Then the administration of halothane was stopped abruptly and a halothane-free circuit was introduced. During the wash-out period, samples were taken at the same time intervals as mentioned above. The wash-out period lasted about \\ hr. Small doses of suxamethonium were given as required.
RESULTS
Both during wash-in of halothane at constant inspiratory concentration (C t ) and during wash-out, halothane concentrations were measured in the femoral and pulmonary arteries and in end-tidal gas. It is obvious that in equation (1) for t -0:
When t = T then ae-"' =a/e = 0.37a; when t = 2T then a e-(/T = a/e 2 = 0.14a, etc.
In order to find the parameters that describe the wash-in and the wash-out of the anaesthetic in the dog, curve fitting was carried out using the mathematical description:
where C(t) represents the concentration of anaesthetic in the blood and t the time after the start of the experiment. In this mathematical equation, the value of k for different body compartments can be distinguished with different time-constants that play an active role in the distribution of the anaesthetic through the body. The constant stands for all those compartments with a very large time-constant that do not play an active role in the experiments.
The curve fitting was performed according to an iterative non-weighted least squares procedure using a time-sharing computer system. With the data obtained in the experiments it was not possible to find more than two exponential functions with an acceptable accuracy.
As a demonstration we present in table I the mathematical analysis of the data obtained in the wash-in experiment with dog 3 and the wash-out experiment with dog 12 (chosen at random). These data were fitted with one, two and three exponential terms and for each parameter the standard deviation has been calculated (Bevington, 1969; van Rijswick, 1974) . From table I it is apparent that when curvefitting is carried out with three exponential terms, sometimes this may result either in a nonsense value {a x and b x for the pulmonary artery of dog 12) or in a standard deviation of the calculated parameter greater than the parameter itself (dog 3).
The fitted curves had the general shape:
C{t) = const + S a fc e-(/6 * {k = 1, 2 or 3) &=i where b, c is the reciprocal of r lc .
Apparently there is an improvement of the fit with every additional term. However, there is also a loss of degrees of freedom. When one takes into account the decrease of the residual sum of squares and the sacrifice of degrees of freedom it is possible to test the apparent improvement of the fit on statistical significance with an F-test. The results of the F-test are given in table II.
From these results it is concluded that a fit with three exponential terms of the actual points of measurement does not give a statistically significant improvement as compared with the fit with two exponential terms. These conclusions are shown in figures 1 to 5, in which the two-exponential and three-exponential curves (and for both a wash-in and a wash-out experiment a single exponential curve) are superimposed on the same graph together with the points of measurement. In tables III and IV time-constants and fractional coefficients are listed describing the time functions of halothane concentration with two-exponential terms, in arterial and mixed venous blood and in end-tidal air.
When t = 3T 2 , the halothane concentration in both arterial blood and end-tidal air is at 95% of the target value. It can be assumed that at this time the end concentration of the first body compartment (time constant T 1 ) has been reached. This means that after a wash-in period for halothane of 1J hr and 1£ hr after the end of the administration the halothane concentration in arterial blood and in end-tidal air could be considered constant in 17 out of 18 experiments.
DISCUSSION
The ratio of arterial and end-tidal halothane concentration The halothane concentrations, arterial (C a (0) and end-tidal (C A (t)) were measured using dog 3 of 
From these equations it follows that C a (t) and C A (t) after 80 min are (within 1%) equal to c a,max> respectively C A _ max . So we may state that after 80 min: C a (0/C A (0 = C a , max /C A , max = 23.5/7.48 = 3.14 (5) This quotient is the blood-gas partition coefficient (A 37 o C ) for dogs as found by Cowles, Borgstedt and Gillies (1971) . In a total of six experiments on five dogs, this value was confirmed in four cases on three different dogs (table V) . (Ikeda (1972) and Okuda (1968) have found A = 2.78 and A = 2.00 respectively.)
Using equation (5) it seems justified that during wash-in the actual arterial blood concentration (C a (0) can be expressed approximately as follows: 
In this experiment the difference between C x and C A,max is 3 %> but is usually in the range 3-7%, indicating that the tissue concentration is still equilibrating with the blood concentration. Neglecting this difference and rearranging equations (5) and (6), the result is consistent with the formula proposed by Kety (1951) :
We did not evaluate the physiological significance of our data as proposed by Kety; in doing so, the remarks of Mapleson (1962) should be considered.
When t is greater than 4T X a (the first time-constant of arterial blood), after 9.5 min in the experiment described by equations (3) and (4)-the first exponential function in both equations became less than 2% of the values at t = 0. Thus the ratio C a (t)/XC A (t) only varies with the second exponential, hence the small difference between C a (0/A and C A (t) (fig. 6 ). Consequently we suggest that during wash-in after t = 4T 1&} a dynamic equilibrium, according to the blood-gas partition coefficient, is virtually reached where C a (t)xXC A (t) (fig. 7) . This means that after t = 4TJ a the concentration in arterial blood was at each moment almost equal to the end-tidal concentration multiplied by the blood-gas partition coefficient under the given test conditions.
A two-compartment system versus a multi-compartment system The mathematical analysis of wash-in and wash-out curves for halothane from arterial and mixed venous blood and from end-tidal air shows that, in our experiments, these curves are composed of two exponential curves. A further fitting of the curve to the actual points of measurement will yield more exponential curves, of course, but this procedure is not justified in view of the accuracy of each measurement. The splitting of the original curve to two exponential curves and a constant, indicates whether we are dealing with two compartments with different time-constants or the presence of more compartments, FIG. 7 . After 4r la the arterial and end-tidal halothane concentrations, C a (r) and C A (r) respectively, are related to each other according to the blood-gas partition coefficient. the time-constants of which can be combined producing again a two-compartment system.
The measurement of the concentration of halothane at present is possible only in blood which can be obtained easily (arterial and, perhaps, mixed venous blood) and in end-tidal air. Catheterization of separate organs and organ systems is not a routine procedure.
Therefore, in routine study the application of a multi-compartment system as described by Eger (1962) has only a theoretical value, because the experimental confirmation of the presence of such a system in a particular case and influencing this system in a predictable way can only be done if methods are developed which have an even better accuracy than the gas chromatographic method or if catheterization of individual organs has become a routine procedure. Moreover, there remains the problem of a multi-compartment system in which it is not possible to localize the compartments exactly. Furthermore, a fixed time-constant is not a specific property of one organ, and more than one organ can have the same time-constant.
Finally, one may wonder if there is a real difference between a two-compartment system and a multicompartment system in which time-constants can be grouped in such a way that a two-compartment system arises. Mapleson (1963) stated that the results of a three-compartment program did not deviate from those of the eight-compartment program by more than 5% of the eight-program values. He pointed out that the grouping of the tissues into three compartments (plus the lungs) is acceptable for predicting whole-body rates of uptake and arterial concentrations of any anaesthetic with a blood-to-gas partition coefficient between 0.14 and 15. From our results it seems even better and more in accordance with the accuracy of measurement to simplify the multicompartment model to a two-compartment system.
